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Disclaimer

The materials in these Learning Guides are for use by students and instructional staff, and have been
compiled from sources believed to be reliable and to represent best current opinions on these subjects.
These manuals are intended to serve as a starting point for good practices and may not specify all
minimum legal standards. No warranty, guarantee or representation is made by the Carpentry Articulation
Committee, the British Columbia Industry Training Authority or the Queen’s Printer of British Columbia

as to the accuracy or sufficiency of the information contained in these publications. These manuals are
intended to provide basic guidelines for carpentry practices. Do not assume, therefore, that all necessary
warnings and safety precautionary measures are contained in this Competency and that other or
additional measures may not be required.

These materials contain information that has been derived from information originally made available by
the Province of British Columbia at: http://www.bclaws.ca/, and this information is being used in accordance
with the Queen’s Printer License — British Columbia available at: http://www.bclaws.ca/standards/2014/QP-
License_1.0.html. They have not, however, been produced in affiliation with, or with the endorsement of, the
Province of British Columbia, and THESE MATERIALS ARE NOT AN OFFICIAL VERSION.

Safety Advisory

Please note that it is always the responsibility of any person using these materials to inform him or
herself about the Occupational Health and Safety Regulation pertaining to his or her work. The references
to WorkSafeBC safety regulations contained within these materials may not reflect the most recent
Occupational Health and Safety Regulation (the current standards and regulation in BC can be obtained
on the following website: http://www.worksafebc.com).

Symbol Legend

lﬁl Electric shock: This icon is a reminder for potential electric shock.

% Explosive: This icon is a reminder for a possibly explosive situation.

Flammable: This icon is a reminder for a potentially flammable situation.

.3 | Important: This icon highlights important information.

“®+| Poisonous: This icon is a reminder for a potentially toxic/poisonous situation.

R Resources: The resource icon highlights any required or optional resources.

R¢| Safety gear:The safety gear icon is an important reminder to use protective equipment.

z Self-Test: This icon reminds you to complete a self-test.

We want your feedback! Please go to the BC Trades Modules website (www.bctradesmodules.gov.bc.ca)
to enter comments about specific sections that require correction or modification. All submissions will be
reviewed and considered for inclusion in the next revision.
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Competency H-5: Build Stair Systems

Entrance stairs are one of the main design features in new homes. These stairs usually include an
ornate balustrade and often feature complicated joinery and fine materials. The construction of
these stairs takes skill and preparation.

Learning Objectives

When you have completed the Learning Tasks in this Competency, you will be able to:
« describe straight stairs and balustrades
« build straight stairs and balustrades

- describe finished staircases

Competencies
Written: “Build Stair Systems”

+  You will be tested on your knowledge of the terminology and techniques used for the
construction of straight stairs and balustrades.

Practical:

«  You will be required to calculate, lay out, cut and assemble a straight staircase with
a balustrade.

2 BC CARPENTER APPRENTICESHIP PROGRAM — LEVEL 2



COMPETENCY H-5: BUILD STAIR SYSTEMS

LEARNING TASK 1
Describe Stairs and Balustrades

Parts of a Stairway

Figure 1 shows the parts used to finish an open stairway.
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Figure 1—Parts of a finished stairway
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COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNINGTASK 1

Mouldings
Mouldings are used to trim under the nosings to finish the stairs. Cove or crown mouldings are
normally used (Figure 2).

Crown mould Cove mould

Figure 2— Mouldings

Balustrade or Banister I I I I
The balustrade or banister is the complete unit of the newel
posts, handrail, balusters and buttress cap. It’s used to
protect the open sides of the stairs and landings.

Balusters

Balusters are small uprights under the handrail that close in
the open side of the stairs for safety. There are many styles
and shapes from very plain square balusters to very fancy
turned balusters (Figure 3).

The Building Code requires the balusters to be spaced such
that a 100 mm (4") diameter object cannot pass through
them. One of the dangers of improperly spaced balusters =
is the chance that small infants may get their heads stuck
between the balusters.

O
(u |

o [= 0 O

Balusters must also be constructed so that they don’t

facilitate climbing. Figure 3—Balusters

Handrail

Handrails are formed in several standard shapes (Figure 4). They form the rail used between the
newel posts. Some have a recess on their bottom surface to take balusters. Others are attached
to the wall with handrail brackets.
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COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNING TASK 1

onmn i

acceptable round acceptable regular acceptable non- acceptable section

section of 30 mm non-round section of regular section of with 55 mm cross-

to 50 mm diameter 100 mm to 155 mm 100 mm to 155 mm section dimension and
perimeter perimeter 155 mm perimeter

Figure 4 —Handrail dimensions

Materials used as handrails must be continuously graspable except where interrupted by newels
at changes in direction. There must be at least 50 mm (2") clearance between the handrail and
wall. A gooseneck can be used as an alternative to the sloping handrail stopping at a newel post.
It can also be used for a handrail that runs over the newel post.

The BCBC requires minimum stairway widths. This required width is not considered to be
reduced as long as the handrails don’t project more than 100 mm (4") into the stairway.

Buttress or String Caps

Buttress or string caps can be used under the balusters. They're also known as shoe rails or base
rails. They're shaped to take the end of the baluster and are used in railings at the landings or on
top of the stringers (Figure 5).

Figure 5—Buttress or string cap

Filets
Filets are shaped to fit between the balusters under the handrail and on top of the buttress cap
as shown in Figure 6.

Buttress cap
(String cap)

Figure 6 —Filet placed in a buttress cap

BC CARPENTER APPRENTICESHIP PROGRAM —LEVEL 2 5



COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNINGTASK 1

Newel Posts
Newel posts are the main posts supporting the balustrade. The three main types of posts are
listed below and identified in Figure 7.

« the starting newel, used at the bottom of the stair (see 1 in Figure 9b)
« the angle newel, used at the turn of a stair (see 2 in Figure 9b)

- thelanding newel, used at the top end of a stair (see 3 in Figure 9b)

Newel posts can be any shape, from very plain square cross sections to fancy turned posts
(Figure 9a).

(@) (b)

0 f

|

AN

I

I Stair with open newel
returning on itself

{ L

Figure 7—Newel posts

Anchorage
It's important to anchor the posts securely in place. They're subjected to strain when people pull
on them to ascend the stairs or use them to swing around at the bottom of the stairs.

The starting newel should extend through the floor and be securely blocked to prevent
any movement.
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COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNING TASK 1

Stair Terms

<~—— Finished opening ———— |

Headroom

Total rise

\ Stringer

Nosing line \

-

-
~

Total run

Figure 8 — Stair terms
Total rise: The vertical distance from finish floor to finish floor.
Total run: The horizontal distance from the face of the bottom riser to the face of the top riser.
Nosing line: An imaginary line drawn above the top edge of the nosings.
Headroom: The vertical distance from the nosing line to the underside of the floor above.

Finished opening: The horizontal distance from the edge of the nosing at the upper landing to
the opening edge of the finish at the other end of the stairwell opening.

Stairwell: The opening in the floor for the stairs.

Stringer: The support for the treads and risers. The Building Code requires the stringer to have a
minimum effective depth of 90 mm and an overall depth of not less than 235 mm.

Rise: The vertical distance from one step to =

the next (Figure 9). —| Run |<—
—
Run: The horizontal distance from one step to . '
the next. Rife
Tread

Tread: The horizontal board that forms the step.
The tread depth is the sum of the run plus nosing.

Riser board

Riser: The vertical board placed between

Figure 9 — Stair terms
the treads.

BC CARPENTER APPRENTICESHIP PROGRAM —LEVEL 2 7



COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNINGTASK 1

Stringer support board: Also known as a hanger board, it's usually 19-mm thick plywood nailed
or screwed to the stringers and to the header of the stairwell opening.

Nosing: The projection of the tread or floor beyond the T
face of the riser board (Figure 10). The term nosing also Nosing a‘ ’F -
refers to a moulding that can be applied to the edge of

the floor.

\ Stringer support

Nosings

Nosings are the front edge of the tread, which may project
past the face of the riser. Part 9 of the BC Building Code
allows a maximum extension of 25 mm to the effective tread depth (Figure 11).

Figure 10 — Stair terms

The leading edge of the underside of the nosings cannot have sharp edges. The Building Code
requires that they be chamfered or rounded. The Code also requires the top of the nosings to
have a rounded or bevelled edge extending between 6-14 mm horizontally.

e

Nosing

Figure 11 —Nosings

Part 9 only requires a nosing when the run is less than the minimum required tread depth. If a
nosing is not used, the riser should slope backward 25 mm. These are known as raked risers. The
slope is obtained by making a sloped cut on the stringer.

Nosing Returns

Nosing returns are used when the stringer and riser have both been mitred. The exposed end of
the tread is shaped in the same way as the front nosing, with moulding placed under the tread.
After the nosing return is in place, there should be no end grain of the treads exposed (Figure
12).

8 BC CARPENTER APPRENTICESHIP PROGRAM —LEVEL 2



COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNING TASK 1

Nosing
\ Baluster ends

Riser .
TN ¥

covered
Stringer \ i "
/‘t:::l:: Tl
\Mitre cut Mitred nosing return
Tread nosing
return
Baluster
placed in
tread

Moulding

Stringer

Figure 12— Nosing returns

Open Stairs

Open stairs have one or both sides open to a room or hallway (Figure 13). All open stairs have
a finished balustrade, which acts as a guard to protect and give a handhold to people using
the stairway.

g =
o
Top
Aa— W v W
Straight flight L-shaped with Double L
landing
S
Top i
Top
W 2 W 2
Wide U Narrow U

Figure 13— Open stairs (stairwell opening shaded)
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COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNINGTASK 1

Closed Stairs

Closed stairs are enclosed on both sides of the stairway (Figure 14). A handrail is attached to the
wall on one or both sides.

i n
********** Eg
Top Top w ||
L1 \ (. = \ ——I\ = W
Straight flight L-shaped Narrow U

Figure 14— Closed stairs (stairwell opening shaded)

Combination stairs are open the bottom end and closed at the top.

Narrow U Stairs
Narrow U stairs have two flights of stairs running in opposite directions with a landing at the
midway point (Figure 15). These stairs are very popular due to their compact size.

=

Top

2

Figure 15 —Plan view narrow U stairs (stairwell opening shaded)

Wide U Stairs — =
Wide U stairs have three flights separated by two landings
(Figure 16). This type of stairway has an open centre that
allows light to penetrate to flights below. It's common for
skylights to be placed above wide U stairs.

......

Top

Figure 16 — Wide U stairs
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COMPETENCY H-5: BUILD STAIR SYSTEMS

Long L Stairs

Long L stairs consist of a straight flight, with two or
three treads at the top or bottom at a right angle to
the main stairs (Figure 17).

A landing or winders are used at the change of
direction.

Wide L Stairs

Wide L stairs consist of two straight flights at right
angles to each other, with a landing or winders at the
change of direction (Figure 18).

LEARNING TASK 1

Top

Figure 17 —Long L stairs

Top

Figure 18 — Wide L stairs

Double L Stairs

Double L stairs consist of a straight flight, with two or three treads at right angles to the main
stairs at both the top and bottom. A landing or winders are used at the change of direction

(Figure 19).

Top

Figure 19— Double L stairs

BC CARPENTER APPRENTICESHIP PROGRAM —LEVEL 2
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COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNINGTASK 1

Quarter Turn Stairs with Winders
Stairs such as the wide L and the long L are also
known as quarter turn stairs. Quarter turn stairs may Top
use a landing or have winders where the stairs change

direction (Figure 20).

Winders are stairs with tapered treads at either exactly
30 or 45 degrees. The Building Code only allows winders .
within dwelling units. bemmmmmmmmeen

Only one set of winders is allowed between each floor W
level, and the turn created by the winders cannot exceed Figure 20 — Quarter turn stairs with winders
90 degrees.

Landings

Landings are used either to change the direction of the stairs or to break the total rise into
smaller amounts (Figure 21). The Building Code requires a landing every 3.7 metres vertically.

Landing
\ ™~ Upper flight

Lower ﬂight\

Figure 21 —Two flights of stairs with a landing

A flight of stairs is from one landing to another. A stairway may have several flights of stairs.
Within a single flight, all rises must be identical, as must all runs. The Building Code allows a
difference of 10 mm in the rise or run of any two steps in a flight. There can be a difference of
only 5 mm in the rise or run of adjacent steps in a flight.

Landings need to be as wide as the stair treads, and the minimum length ranges from
860 to 1100 mm depending on the stair configuration and location (Figure 22).

The Building Code requires a landing at the top and bottom of most stairs. It does not require the
total rise or run of a single flight to be the same as the next flight, but it's good building practice
to do so.

12 BC CARPENTER APPRENTICESHIP PROGRAM —LEVEL 2
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(c) Landings turning through not less than 90°

Dimensions:

Stairs serving a single
dwelling unit:

Legend Ainterior = 860 mm
. A exterior = 900 mm
minimum B = width of stair
landing area C =230 mm
CL = centre line D =370 mm

WL = walking line

(d) Landing turning through
30° or more but less than 90°

Stairs serving other than
a single dwelling unit:
A=1100 mm
B = width of stair
C = width of stair

Figure 22 — BC Building Code minimum landing dimensions

Now complete Self-Test 1 and check your answers.



COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNINGTASK 1

Self-Test 1

1. Define the following terms.

a. Nosingreturn

b. Filet

C. Buttress cap

d. Angle newel

e. Finished opening

2. What is the difference between a long L stair and a wide L stair?

14 BC CARPENTER APPRENTICESHIP PROGRAM —LEVEL 2



COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNING TASK 1

3. Whenis alanding required in a stairway?

4. What is the difference between open stairs and closed stairs?

5. Using the BC Building Code (Article 9.8.4.6), what is the maximum allowed reduction in tread
depth by rounding of the leading edge?

6. What is the minimum landing depth for an L-shaped interior stair serving a dwelling unit?

BC CARPENTER APPRENTICESHIP PROGRAM —LEVEL 2 15
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COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNING TASK 2

LEARNING TASK 2
Plan Stairs and Balustrades

Although the rules for proportioning stairs are good guidelines and should be followed when
possible, there are other requirements that must be followed. These include meeting the
Building Code and working within physical constraints.

Drawings and Design Considerations

Construction drawings should show the stairwell opening size and location. Most drawings will
also show rise and run, but these numbers should always be checked by the carpenter. Headroom
should also be calculated. When possible the headroom should be greater than Code minimum of
1950 mm (6'434") for residential or 2050 mm (6'834") for non-residential occupancies.

Often structural physical considerations, such as beam location and floor joist direction will
affect the size of the stairwell opening. A shorter opening will require a steeper set of stairs. This
will often require the shortening of the run. In some cases, one riser can be eliminated and still
have the unit of rise be within the requirements of the Building Code.

Example
Residential stairs

Total rise: 2210 mm

Total run: 2520 mm

This set of stairs could be built with 13 rises and 12 treads with:
Unit of rise: 170 mm

Unit of run: 210 mm

Or be built with 12 rises and 11 treads with:
Unit of rise: 184 mm

Unit of run: 229 mm

Although both sets of stairs will have the same steepness, the one with 12 rises and 11 runs
allows an extra 19 mm (34") of run for each tread, which will take the run above the Code
minimum, making the stairs safer and more comfortable for people with larger feet.

Building Code Requirements

Buildings fall under Part 3 or Part 9 of the British Columbia Building Code. Each of these parts has
Code regulations for stairs. Because of this, it is critical to know which part of the Code applies to
the building and what type of use the stairs are designed for.

BC CARPENTER APPRENTICESHIP PROGRAM —LEVEL 2 17



COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNING TASK 2

Types of Use

Stair use types are defined as service, private or public, and different Code regulations apply to
each. If usage is a combination of more than one of these, they must meet Code requirements
for both types of usage.

Service Stairs

Service stairs are used to access only service rooms or spaces (e.g., stairs to an attic or
mechanical room). These stairs cannot access any living space. Service stairs are used by a small
number of people (such as building maintenance workers) who are familiar with the stair.

Private Stairs

Private stairs are interior stairs within a dwelling unit (residence) or exterior stairs serving a
single dwelling unit. In a multi-family housing development, stairs within the units are private
stairs. Stairs shared by several units are considered public stairs.

Public Stairs

Public stairs are all stairs not described as service stairs or private stairs. Public stairs include
stairs in schools, parkades and other public buildings. These stairs need to be easier to use (less
steep) because the people using them are less familiar with the stair.

Private and public stairs are often considered as part of the “means of egress,” or the way to
get out of the building in case of an emergency. Public exit stairs in particular are subject to
constraints found in Part 3 of the BCBC.

Rise and Run

There aren't any Building Code rise and run requirements for service stairs, and they can even be
built as ladders. WorkSafeBC requires that the rises be not more than 300 mm (12"). Part 9 of the
Code gives the minimum rise, run and treads depth for private and public stairs as reproduced
in Figure 1:

Table 9.8.4.1
Rise for Rectangular Treads
Forming part of Sentence 9.8.4.1.(1)

All Steps

Stair Type Rise, mm
Max. Min.
Private®™ 200 125
Public? <180> 125

Notes:

(1) <Private stairs are exterior and interior stairs that serve single dwelling units or that serve garages that serve single
dwelling units.>

(2) Public stairs are all stairs not described as service stairs or private stairs.

18 BC CARPENTER APPRENTICESHIP PROGRAM —LEVEL 2



COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNING TASK 2

Table 9.8.4.2
Rise and Tread Depth for Rectangular Treads
Forming part of Sentence 9.8.4.2.(1)

Rectangular Treads

Stair Type Run, mm Tread Depth, mm
Max. Min. Max. Min.
Private® 355 210 355 235
Public? <No limit> <280> <No limit> <280>

Notes:

(1) <Private stairs are exterior and interior stairs that serve single dwelling units or that serve garages that serve single
dwelling units.>

(2) Public stairs are all stairs not described as service stairs or private stairs.

Figure 1— Part 9 Rise and Run Tables

Treads and Risers
Rise and run between adjacent steps should not vary more than 5 mm or vary more than 10 mm
within a flight of stairs.

Except for interior stairs serving only a single residence, the surface of treads and landings must
be slip resistant. Public stairs must have the leading edge of the treads and landings clearly
marked with a visible pattern or colour. Exterior stairs over 10 m high must be designed to

keep the treads clear of ice and snow. Exterior stairs and landing should be sloped up to 1in 50
(%" per ft.) for drainage.

Lumber or plywood treads for stairs must be at least 25 mm in actual thickness. If open risers are
used and the distance between stringers exceeds 750 mm, the treads must be at least 38 mm
actual thickness.

Special 1" thick OSB or plywood, complete with a full round over bullnose, is often used for
carpeted stairs.

Tread depth refers to the width of the tread, not the length of the tread. The minimum depth

of the tread must be at least 235 mm or 9.25" for private stairs. The minimum tread depth is

25 mm wider than the minimum run of 210 mm. The maximum depth of tread is the same as the
maximum run: 355 mm or 14". No nosing is required for runs over 235 mm, and it is not allowed
at the maximum run of 355.

Interior public stairs are required to have no less than three risers (two treads). Stairs with fewer
risers are often not noticed by members of the public and result in falls. Public stairs must have
closed risers. This is required to help persons with mobility disabilities, such as leg braces or
prosthetic legs.

BC CARPENTER APPRENTICESHIP PROGRAM —LEVEL 2 19



COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNING TASK 2

Lumber Stringers

Lumber stringers must be at least 235 mm wide (9.25") and have an effective depth after cutting
out the rise and run of at least 90 mm (3.5"). Stringers must be supported and secured at both
the top and bottom.

Maximum spacing for stringers is 600 mm (2') o. c. for public stairs and 900 mm (3') for stairs
serving a single dwelling unit. The 900 mm can be increased to 1200 mm (4') if the front of the
treads are supported by risers.

Landings

Landings are used either to change the direction of the stairs or to break the total rise to create
shorter flights of stairs. (Figure 2) The Building Code allows a maximum total rise between
landings of 3.7 metres, except for stairs serving Group B occupancies (hospitals, convalescent
facilities), where it is 2.4 m.

Landing
\ ™~ Upper flight

Lower ﬂight\

Figure 2 —Using a landing to create two flights of stairs

Landings are required at the top and bottom of each flight of stairs and where a doorway opens
onto stairs. The length and width of a landing must be at least the width of the stairs, except the
length of the landing need not exceed 1100 mm. Where a doorway meets the side of a set of
stairs, the landing length must extend a minimum of 300 mm on each side of the door.

A landing may be omitted at the top of an exterior secondary exit for a dwelling unit if it has less
than four risers. Some examples include stairs between garages and the dwelling unit, and stairs
serving patio doors.

Stairway Widths
Minimum stairway widths for Part 3 buildings are determined by the type of occupancy and the
occupant load when the stairway serves as part of an exit.

Part 9 stairs must be at least 900 mm wide for shared residential stairs and 860 mm for those
serving a single dwelling unit. For public non-residential stairs, the minimum width is 900 mm or
8 mm per person based on occupant load, whichever is greater.

20 BC CARPENTER APPRENTICESHIP PROGRAM —LEVEL 2



COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNING TASK 2

Headroom
The minimum headroom, measured vertically from the nosing line (Figure 3), must be at least
1950 mm for stairs located within dwelling units and 2050 mm for all other stairs.

Parallel lines

Figure 3 —Measuring headroom

Exterior Concrete Stairs

Exterior concrete stairs with more than two risers and two treads must be supported on proper
foundations that extend to firm bearing below frost heave. An acceptable alternative is to
cantilever the stairs from the main foundation wall as long as the foundation wall is at least
200 mm thick.

Building Code for the Balustrade

The stair's balustrade is often required to act as a guard to prevent falls off the stairs or landings.
It is also required to provide a handrail to assist with travel along the stairs and landing. The
balustrade is often constructed such that the top member of the guard serves as the handrail.

Guards

Guards are set at least 1070 mm above the landing surface and 920 mm from the line of nosing
along flights of stairs. Within a dwelling unit, guards can be 900 mm above the landing surface.
They must be able to resist heavy lateral forces. Guards are required to not have openings
large enough to permit the passage of a 100 mm spherical object, and guards should not be
climbable between 140 mm and 900 mm above the surface they serve.

Handrails

A minimum of one handrail is required for all stairs with more than two risers for interior stairs,
and three risers for exterior stairs. Public stairs 1100 mm wide or wider require handrails on both
sides. Public stairs more than 2200 mm wide require intermediate handrails placed so that there
is not less than 1650 mm between handrails.
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The height of handrails must be between 865 mm and 965 mm. Handrail height for landings is
allowed to be as high as 1070 mm. The handrail must be continually graspable. The user must
be able to grip the rail without having to stretch their hand. This means that 2x4s or 2x6s on flat
are not allowed.

The clearance between a handrail and the wall must be at least 50 mm if the wall surface is
smooth, or 60 mm if the surface is rough. Handrails must be able to withstand a uniform load
of 0.7 kN/m (50 Ibs./ft.) and a concentrated load of 0.9 kN (202 Ibs.). This normally requires the
handrail to be supported within 300 mm (1') of both ends and then every 1.2 m (4'). A minimum
of two screws for each support bracket should penetrate at least 32 mm (1.26") into solid wood.

Handrails for public stairs must extend a minimum of 300 mm beyond the top and bottom of
the stairs and to terminate in a safe manner (returned to the wall or wrapped down).

Construction Sequence

Once rise, run and other calculations have been done, the stringers are laid out, cut and secured
in place. Riser boards are placed before the treads. Some carpenters install the risers from the
top down and the treads from the bottom up. Another method is to do one riser, then one tread
working from the bottom up. Riser boards are screwed to the stringers and to the back of the
treads. Treads are glued and screwed to the stringers.

Both the stringer and tread are spaced far enough from the framed wall to allow the wall
cladding space to slide down behind the stringer in order to hide the edge of the wall cladding.
A 1x4 board is often used as a spacer between the wall and stringer.

A set of temporary stair treads, guards and handrails is installed for use during the construction
process. Finish stair and balustrade materials are installed about the time finish flooring is done.

W Now complete Self-Test 2 and check your answers.
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Self-Test 2

1. Where are service stairs used?

2. What is the maximum rise for a private stair?

3. What is the maximum run for a private stair?

4. What is the minimum headroom for stairs within a dwelling?

5. What is the minimum thickness of a stair tread if the stringers are spaced 35" apart and riser
boards support the treads?

6. Why is there a requirement for a minimum number of risers for public stairs?

7. What is the minimum effective depth for a stringer?

8. What are landings used for?
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9. How far must handrails extend beyond public stairs?
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LEARNING TASK 3
Calculate Stairs and Balustrades

Before the materials can be calculated for a set of stairs, all dimensions must be determined,
including the rise, run and the stairwell opening size.

Units of Measurement

The construction industry uses both metric and imperial units of measurement. Stair
calculations are easily done in both systems. In this Learning Task, the stair calculations are done
using metric measurements only. Imperial dimensions are shown because most residential
drawings are drawn in feet and inches. When calculating in metric, all imperial dimensions are
first converted to millimetres.

Stair Dimensions

Safety of the user is the main concern when designing and building stairs. If the rise is too high
and the run too short, the stairs will be steep. Conversely, if the rise is too low and the run too
long, the stairs will be very flat. Both situations are dangerous. Improperly designed or built
stairs can cause a tripping hazard.

The rise and the run are the primary stair dimensions restricted by the Building Code. There are
also Code requirements for tread depth, nosing, stair width and headroom.

Rise

The maximum rise for private stairs designed using Part 9 of the Building Code is 200 mm and
the minimum rise is 125 mm. The most comfortable rise is about 180 mm (7"). Refer to the Code
for service and public stairs. The maximum rise for stairs designed using Part 3 of the Code is
180 mm and the minimum rise is 125 mm. Rounding up the rise during the calculation process
can create a back slope.

Run

The maximum run for private stairs is 355 mm and the minimum run is 210 mm. The most
comfortable run is about 250 mm (10"). Refer to the Code for service and public stairs. The
minimum run for stairs designed using Part 3 of the Code is 280 mm. There is no maximum run
for service and public stairs.
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Unit of Bridge

The hypotenuse of the rise and run triangle is referred to as the unit of bridge. It's used to
calculate stringer length. It can also be used to lay out stringers or check stringer layout for
creep. Creep is the increase in stringer length caused by inaccurate stepping off. Stepping off is
the process of marking out rises and runs on a stringer. A dull pencil, for example, can add an
extra 1-2 mm per step.

A stringer of 16 rises could be out by 16 X 2 mm or 32 mm overall, a significant error. This error
can be eliminated by checking the bridge units.

Tread Depth

The minimum depth of the tread must be at least 235 mm (9%4") for private stairs. The minimum
tread depth is 25 mm deeper than the minimum run of 210 mm. Presumably, this is so that even
large feet will fit on the tread when a 25 mm nosing is created.

The maximum depth of tread is the same as the maximum run of 355 mm (14"), so for all runs
over 235 mm, no nosing is required. No nosing is allowed at maximum run. Refer to the Building
Code for tread and nosing requirements for other stairs.

Total Rise

The total rise is measured from the finished floor level at the bottom of the stairs to the finished
floor level at the top of the stairs. If the floor finish (such as carpet, wood flooring or ceramic
tile) has not been installed, allowances for their thickness must be included in the total rise
calculation (Figure 1).

<~————— Finished opening ————|

Headroom

Total rise

\ Stringer

Nosing line \

-

-
-

Total run

Figure 1 — Calculating the total rise

If the floor at the bottom of the steps is sloping (e.g., exterior stairs), then determine where the
steps will land and measure the vertical distance from this point to the landing of the stairs at
the top.
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The total rise is not usually variable. The landings or floor levels are usually set and cannot
be moved.

Desired Rise

Stair dimensions are often omitted in residential construction drawings. The stair calculations
are left up to the carpenter. This is because, during construction, the total rise may differ slightly
from the dimensions shown on the drawings.

The first step in calculating the stair dimensions is to decide on a“desired rise.” The desired rise
must be within the minimum and maximum allowed by the Building Code.

Usually the designer will have allowed only the minimum space for the stairs. This means that
the desired rise will be very close to the maximum allowed by the Code, since this reduces the
number of risers and treads (the fewer the treads, the shorter the stair). However, if comfort is
the main criteria, rather than space, use 180 mm (7") as the desired rise.

Number of Risers

To find the number of risers for the stairway, the total rise is divided by the desired rise (180 mm)
to give the number of risers. The result is usually a decimal fraction. It must be rounded off to a
whole number because there cannot be a partial step.

The number is rounded mathematically if working to a desired rise chosen for comfort. If the
maximum rise was used as the desired rise, the decimal fraction must always be rounded up.
Rounding down would produce a rise greater than the maximum allowed by the Code.

Example
Total rise = 2650 mm

Desired rise = 180 mm
2650 = 180 = 14.72 risers

rounded off = 15 risers

Calculating Rise
Once you've calculated the total number of risers, divide the total rise by this number to get the
actual rise. The rise is an exact measurement and should only be rounded to the nearest millimetre.

Example
2650 +15=176.67 mm

rounded off =177 mm
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Stair Proportioning Formulas

Stair proportion rules are used to design stairs that are comfortable to use. Three different rules
were developed over 50 years ago but they still apply today. These rules were based on the
imperial system of measurement. They are:

« Therise plus the run = 17-18" (430-460 mm).
«  Twice therise plus the run = 24-25" (610-635 mm).
« Therise times the run = 72" (45000-48 000 mm).

The first rule is the most common. Note that the most comfortable rise of 7" plus the most
comfortable run of 10" meets this rule perfectly.

Note that these values are approximate and that the rules are not requirements of the Building Code.

The Preferred Angle of Stairs 1
The slope of a stair also describes its comfort. The
preferred angle of a stair is between 30 and 35°. A 7 in \ 7 (178 mm)
10 stair has a slope of approximately 35° (Figure 2).
34.992°
Compared to the maximum slope allowed by the
Building Code, the preferred angle of stairs is quite flat. /
The Code allows a slope of 200 in 210 or 4312°. -~ 10" (254 mm) ——»
Number of Treads and Run Figure 2— Angle of stairs

The number of treads in a stair is usually one less than
the number of risers.

The run can be found using one of the stair proportioning formulas or can be set to meet a fixed
total run.

In residential construction, the total run is usually open and the run is found using one of the
proportioning rules.

The first rule, rise plus the run = 17-18" (430-460 mm), is the simplest and most often used.
However, which rule is used and whether to use the low or high end of the range is the choice of
the carpenter.
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Calculating the Run
Using the proportion rules, the run can be calculated.

Example
Rise plus the run =450 mm

Number of risers =15
Number of treads =14
Rise =177 mm
450 mm minus 177 =273 mm
Run =273 mm

For comparison, the run is found using the other two stair proportioning formulas:
Twice the rise plus the run = 635 mm
Rise =177 mm
635 mm - (2 X177 mm) =281 mm

Run =281 mm

The rise times run =48 000 mm
Rise =177 mm
48000+ 177 =271 mm

Run =271 mm

The resulting run from each of the three calculations meets the Building Code requirements
under Part 9 and would produce a comfortable stair. Only the middle rule meets Part 3
requirements.

Stairwell Rough Opening

The length of the stairwell rough opening must be calculated before framing the opening in the
floor. The length of the rough opening is dependent on the headroom required, floor thickness,
the rise and the run.

The rise-run triangle and headroom-opening triangles are similar triangles and therefore
proportional to each other (Figure 3). Once the rise, run, headroom and floor thicknesses have
all been determined, the finished opening can be calculated using ratio and proportion.
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,,,,,,,,,,,,,,, Finishedopening ______________

Floor Thickness
+
Headroom

Figure 3—Similar triangles used for determining finished opening size

Headroom Requirements
The headroom is measured vertically from a line
drawn through the outer edges of the nosing.

The minimum headroom allowance must be at
least 1950 mm for stairs located within dwelling
units and 2050 mm for all other stairs designed
using Part 9 of the Building Code. Part 3 of the
Building Code requires a headroom allowance of
2050 mm (Figure 4).

Parallel lines

Although 1950 mm and 2050 mm headrooms are
permitted for Part 9 buildings, 2100 mm or more
should be allowed where possible. Figure 4— Headroom requirements

Finished Opening

The finished floor opening is the horizontal distance from the edge of the nosing at the landing
to the face of the finished wall at the other end of the opening (Figure 1). The rough opening
must be greater than the finished opening. An allowance of 75 mm (3") is used to make room for
the amount of nosing, the riser thickness and the finishes.

Rough Opening
To calculate the length of the rough opening for the stairwell of a straight flight of stairs, the
following formula is used:

Unit run

Rough opening = x (Headroom + Floor thickness) + 75 mm

Unit rise
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The floor thickness is the sum of the ceiling finish, the joist depth, the subfloor thickness and the
finished floor thickness.

The above formula is based on the two similar triangles:

Unit run Finished opening

Unit rise  (Headroom + floor thickness)

Example
No. of risers =15

No.of treads =14

Rise =177 mm
Run =273 mm
Headroom =1950 mm

Floor thickness = 280 mm
. 273
Rough opening = 77 (1950 + 280) + 75 mm

Rough opening = 3514 mm

The resulting rough opening allowance is used to position the headers in the floor frame.

The most common mistake made when calculating the length of the rough opening is

m to forget to add the 75 mm allowance for nosing and finishes. Also, keep in mind that
the Code requirement of 1950 mm is the minimum, and if room allows, using a larger
number will give a nicer flight of stairs.

Length of Stringers

2x10 or 2x12 lumber is often used for the stringers. The length of this lumber is available in
multiples of 2 feet. The calculation of the length of the stringer can be done in two ways, but in
either case, the length ordered must be in two-foot increments.

Three methods of estimating stringer lengths:

1. Multiply the unit of bridge by the number of treads—This method is very accurate, but again
the length of lumber only comes in two foots incremements and an allowance for end-
checks must still be made.

2. Multiply the unit of bridge by the number of rises—This method is slightly longer than
required, however, allowances for end-checks must still be made.

3. The number of linear feet of stringer is equal to the number of treads for the stairs—This
method is an easy calculation, however, the results are approximate. Also, an extra foot of
material is usually needed to allow for checks and splits at the ends of the board. Stringer
material should be selected very carefully. Only material with a minimal number of defects
should be used.
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Calculating Stringer Lengths

Method 1

Example
Rise =177 mm
Run =253 mm

Number of treads = 14

Unit of bridge = \/177% + 253°
= /31329 + 64 009
=.,/95338

=308.76852 mm

= 308.8 mm, to the nearest 10th of a mm

Unit of bridge multiplied by the number of treads = 308.8 mm x 14
=4323 mm

Convert 4323 mm to feet by dividing by 304.8 (there are 304.8 mm in a foot). 4323 + 304.8 =
14.18 feet. An extra foot is added for splits, so a 16" board is needed. The length 4323 mm can
also be used to check for layout creep, as this should be the length from the first run to the
last rise (Figure 5).

‘ 4323 ‘

SOV NN NNV NN NN N

Figure 5— Checking stringer for creep

Method 2

The number of treads is 14, so the length of material needed is 14 feet. An extra foot is added for
splits, so a 16" board is needed. The length of stringer calculated is not as accurate and does not
provide a measurement to check for layout creep.

Stairs with Landings
Unless winder treads are used, landings are always included in L, narrow U and wide U stairs.
Landings are also often used with straight-flight stairs (Figure 6).
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‘<— Finished opening

25 mm
tread

1950 mm
headroom Total rise
2650 mm

Figure 6 —Headroom requirements for stairs with landings

Headroom Requirements

The headroom requirements for L, narrow U, and wide U stairs are the same as for straight flight
stairs. The minimum clear distance of 1950 mm for private stairs does not vary from one stair
type to another. However, including a landing in a flight of stairs will add to the length of the
finished opening (Figure 6).

Landing Location

The landing’s vertical position is critical to the calculation of the rise for the stairway. For safety,
it's important to keep the rise uniform from step to step. The stair design specifications in the
Building Code vary. Check the current Code for landing design requirements.

Landings can be placed in one of three locations:
« atthe exact midpoint of the total rise from floor level to floor level
« ata height that is an exact multiple of the rise

« atany position vertically

Landings at the Midpoint
If the landing is positioned at the exact midpoint in the total rise, the rise in the flight above the
landing and below the landing will be exactly the same.

With this method, the rise is found by dividing the total rise from floor to floor by two.

When locating the landing at the midpoint, the finishes for the lower floor, the landing and
upper floor must be considered. If the finishes are all different, the actual framing height for the
landing will not end up at the midpoint.
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Landings at an Exact Riser Location

Positioning the landing at a multiple of the rise will
keep the rise in the flights above and below the
landing exactly the same.

With this method, the total rise from floor to floor
is used to find the rise. Using the calculated rise,
the landing is then built so that its finished floor
elevation is at any multiple of the rise (Figure 7).

The three landing locations shown in Figure 7 are
all at multiples of the rise. All three sets of stairs
have the same rise from step to step. Note that
the landing could not be placed at the midpoint
because there is an odd number of risers.

Landings at Any Vertical Position

Often the landing is positioned to fit under a
window height or to provide a specific amount of
space below it. In these cases, the two flights are
considered as two separate sets of stairs. The rise is
calculated for each flight separately.

The difficulty with this landing position is that the

LEARNINGTASK 3

S m—

Figure 7—Landing located at a multiple of the rise

rise for the upper flight may end up significantly different from the lower flight.

Try to locate the landing at the midpoint or at a multiple of the rise. Remember to
consider the finish floor thicknesses when building the framing for the landing.

Trapped Run

When a landing is used with a stair, the upper flight’s run is usually trapped. Having a trapped run
means that because of the space needed for the landing, the total run for the upper flight is fixed
and cannot be changed (Figure 8). The term fixed run is also used to describe this situation.
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<—Landing width—=|<———Trapped run ——

T
A

Figure 8 —Trapped run

The run for the upper flight is determined by dividing the number of treads into the fixed run.
The calculated run must meet the requirements of the Building Code. If the run is too small or

too great, the framing for the landing may have to be changed. For example, 6 treads divided

into a fixed rise of 1626 mm gives a run of 271 mm, which meets Part 9 Code requirements.

Lower Flight
A trapped run also occurs when the lower end of a stair meets a wall (Figure 9).

Fixed run Hall width —

Figure 9—Trapped run at a lower flight

The run for the lower flight is determined by dividing the number of treads into the fixed run.
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Wide U Stairway ‘<7 Trapped run ——
A wide U stairway consists of three flights (Figure 10).

The upper flight and the mid flight have trapped runs.

When locating the landings for the wide U stairway, both
the rise and run must be considered.

‘47 uni paddeu_——‘

When calculating the number of treads, both landings
are counted as treads. Instead of having 14 rises and
13 treads, the stairs would have 11 treads and 2 landings.

Top
Figure 10 —Wide U stairway

Calculating the Rise and Run for Stairs with Landings
The exterior door opens onto the landing of a cathedral entrance in a residential building
(Figure 11).

| 1200 1850

Up —= Top

w_*

Figure 11 —Plan view of a cathedral entrance

R 2

L 1950 minimum headroom clearance

The stair calculations for this type of stairway must be done prior to the formwork for the
concrete foundation walls. The height of the foundation wall at the entrance will be dependent
upon the landing location (Figure 12).
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Upper flight \

o \
~, ] Concrete wall height is set

a

s by the landing elevation

“

a
<

Figure 12 —Foundation height

Stairwell Opening Shape

The shape of the stairwell depends upon the type of stairway and the headroom requirements.
A cathedral entrance stairway is a narrow U stair. The upper floor is usually built to provide the
maximum usable space.

The stairway opening shown in Figure 11 gives the maximum floor area on the upper floor. The
floor opening could be completely rectangular but that would waste the floor area over the
lower flight.

The framing of the floor can produce even more floor area on the main floor as long as the
partition wall above is non-load-bearing (Figure 13).

2x10 blocking
to extend the ﬂoor/

1950 mm minimum
headroom

Figure 13 — Maximizing floor area
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Rough Opening

For stairs with landings, the rough opening calculation is made at the flight where headroom

is a concern. This is the flight that passes under the floor. In a cathedral entrance stairway, the
upper flight has no headroom concerns. It's the lower flight that runs under the main floor level
that requires a rough opening calculation (Figure 14).

} 1200 1850

Up —= Top

\Down/_*

Finished
opening

Figure 14— Finished opening for stairs with landings

The rough opening of the lower flight is the finished opening plus 75 millimetres. The 75 mm
is to allow for the finish materials and the nosing. The upper flight rough opening will be the
finished opening plus the wall finish and the hanger board.

Figure 14 shows that because the landing is significantly below the upper floor level there is
only a small amount of extra headroom required.

As shown previously, to calculate the length of the rough opening for the stairwell in a straight
flight of stairs, the following formula is used:

Rough Opening Formula for a Straight Flight of Stairs

Unit run
Rough opening = %x (Headroom + Floor thickness) + 75 mm
Unit rise
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Rough Opening Formula for Stairs with Landings

The only difference in the formula for stairs with landings is that height from the landing to the
upper floor is deducted from the headroom + the floor thickness. This is called headroom gained
(Figure 15). It's the total rise of the upper flight.

Unit run
Rough opening = hALLLL LI (Headroom + Floor thickness — Headroom gained) + 75 mm

Unit rise

Headroom
gained

Figure 15 —Headroom gained

Example
No. of treads = 14

Rise =177 mm
Run =273 mm
Headroom = 1950 mm

Floor thickness = 280 mm

If the finished floor of the landing is 7 rises of 177 mm below the finished upper floor, the
headroom gained will be 1239 mm.

2
Rough opening = % % (1950 + 280 -1239)+75 mm

Rough opening = 1603 mm
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Wide U Rough Openings

For wide U stairs, the floor opening shape will depend on where the landings occur. If the
difference in the floor levels is great and the landings are located near the lower floor, the rough
opening calculation may be based on the upper flight. The stair opening could cross any of the
three flights (Figure 16).

The distance to the end of the finished opening is equal in all three of the wide U stairs shown in
Figure 16. The opening can be described in treads. The finished opening in all three examples is
10.5 treads.

Top

Top

Top

,,,,,,,,,,,,,,

Rectangular opening L-shaped opening U-shaped opening

Figure 16 — Stairwell openings in wide U stairs

Calculating Baluster Spacing
To calculate equal spacing for balusters on a buttress cap:

1. Measure the horizontal distance between the newel posts and add the width of a baluster at
its narrowest point.

2. Divide the distance by the desired on-centre baluster spacing: 100 + the narrowest baluster
width. Round up to the nearest whole number, as the maximum spacing has been used. This
is the number of on-centre spaces required. There is always one fewer balusters than spaces.

3. Divide the distance between the newel posts + a baluster width by the above number of on-
centre spaces. This will give the true on-centre spacing.

4. Subtract the width of the baluster at the bottom from the true on-centre spacing to get the
size of a block that can be used to space the balusters. Dry fit the balusters before gluing
and fastening.
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- 9% T Mm——»

25 mm -— i

38 mm -

Figure 17 —Balusters evenly spaced on treads

Figure 17 illustrates the following example:
1. 961 + 25 =986 mm (distance between newel posts plus one baluster)
2. 100+ 25 =125 mm (desired on-centre spacing)
986 + 125 = 7.88 (round up to 8 on-centre spacings)
8 on-centre spacings are created by 7 balusters.
3. 986 +8=123.25 mm (true on-centre spacing)

4, 123.25-38=285.25 mm (size of the spacer block)

A block 85 mm wide would be cut to use as a spacer. Balusters should be checked for plumb
regularly as they are being installed. Over a very long run of balusters, the final 10 or 12
balusters should be checked against the ending newel in case adjustments need to be made to
compensate for creep.

To calculate the spacing of balusters landing on treads:

1. Subtract the narrowest width of two balusters from the unit run of the stairs.

BC CARPENTER APPRENTICESHIP PROGRAM —LEVEL 2 41



COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNINGTASK 3

2. Divide the above answer by two, as there will be two spaces. This will be the space between
the balusters at their narrowest point. If this number is greater than 100 mm, then repeat
the process (starting with step 1) with three balusters and three spacings. (The Building Code
requires that the space between balusters can be no more than 100 mm.)

3. To find the size of a spacer block to set the balusters, first subtract the narrowest width
from the width at the bottom of the baluster. Then subtract this difference from the
spacing between the balusters at the narrowest point. The result will be the length of the
spacer block.

Q

— 245

38 -~

Figure 18 — Baluster spacing on treads

Figure 18 illustrates the following example:

1. 245 -(2x25)=195 mm (total space between balusters on each tread)
2. 195+ 2=97.5mm (space between balusters at narrowest point)

3. 38-25=13 mm (difference between balusters at narrowest point and bottom)
97.5 - 13 = 84.5 mm (size of spacer block at the bottom)

Balusters are often lined up with the riser. This creates an even space between the last baluster
on a tread and the next riser. Sometimes this position is shifted away from the riser toward the
back of the tread to make the space between the first and last baluster and the newel posts
work out better. In some cases the spacing of the balusters next to the newel posts may have
to be “cheated” or modified. The best position for the starting newel when laying out balusters
on the treads is one baluster width from the riser toward the back of the first tread, while the
landing newel should be aligned with the last riser face. This is usually impossible when dealing
with an angle newel, so in this case, some modification of baluster spacing is inevitable.

42 BC CARPENTER APPRENTICESHIP PROGRAM —LEVEL 2



COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNING TASK 3

Glue

The use of glue is important to reduce the chance of squeaks in the stairway. Finished stairs are
often built with hardwood lumber and veneer plywood. These materials are often stained to a
specific colour before finishing. Take extra care when applying glues and adhesives. Do not let
the glue contact the exposed finished surfaces of the wood.

Protection

Many of the parts of a finished stairway must be installed before the interior finishing of the
building is completed. Use cardboard and plastic sheeting to cover the exposed surfaces. Do not
use plastic sheeting on the treads for safety reasons.

Apply stain and the first coat of finish to wood surfaces as soon as possible. This will help to
protect the wood should spills or physical damage occur.

Safety

Never leave partially completed stairways unguarded. Loose treads or other stair parts can
present a significant slipping and falling hazard. Attach cardboard protection sheets securely to
the treads.

Calculate Quantities of Materials

A simple listing of parts, dimensions and quantities is required to estimate and order stair parts.

Calculating quantities depends on well-planned construction details, often requiring a full-
scale sketch. For example, do the risers fit into a dado on the underside of the tread? If so, this
dimension needs to be added to the width of the riser.

Another consideration is the material being used. For example, carpeted stairs typically use 1"
thick, bull-nosed tread material. This comes in 8' lengths and 10-12%" widths and is crosscut and
ripped to finished dimensions on site. It's usually unnecessary to order extra for waste.

If the design requires hardwood lumber to match the floor, specialty finishing stores supply
parts to the specifications and will often have systems that include treads, nosings, flooring and
transition strips. One extra tread is sufficient.

Breaking out stair parts from rough lumber requires careful selection of materials. This
procedure may require 25% waste depending on the quality of material and millwork skill of
the carpenter.

The type and finish of stringer will affect the estimate. It's becoming common to use laminated
veneer lumber (LVL) for stringers. They're stronger, straighter and more consistent than lumber.
However, they are more expensive.
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The usual way to estimate stringer length is using the unit of bridge times the number of risers.
For example, consider a 7" rise and 10" run stairs with 15 risers. The unit of bridge is
12.207" (72 + 102 =12.2072). 15 x 12.207" = 183.105" = 15.259" 16' stringers are required.

Another way to estimate stringer length is to use the hypotenuse of the total rise and total

run and round up to the nearest two-foot increment. There are other things to consider when
estimating stairs. Is the stringer a housed stringer? Is the stringer stain-grade lumber? Notched
on one side and mitred on the other? Is the stringer supported along its length?

Sample Estimate

Consider the stairway in Figure 19.
‘ Finished opening

25 mm
tread

1950 mm
headroom

Total rise
2650 mm

Figure 19 — Sample stairway

« carpeted stair with 25 mm OSB tread material, 19 mm risers and hanger boards,
2x12 stringers

« total rise = 2650 mm with landing at the 8th riser from the bottom
« 15rises at 177 mm; run at 253 + 25 mm nosing = 278 mm tread depth
- 8rises and 7 treads in the lower flight; 7 rises and 6 treads in the upper flight

Note: The landing takes the place of a tread in the overall estimate. The last rise in each flight is
the framing of the landing or upper floor.

Total rise of bottom flight = 1416 mm. Total rise top flight = 1234 mm.
«  Stair width = 1000 mm.
«  Unit of bridge = 308.8 mm.

+  4x4 newels with 2x2 balusters landing on bottom rail.
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The minimum length of the starting newel can be estimated by adding Code handrail height
above nosing line (965 mm) + one rise (177 mm) + projection above the handrail (50 mm):

965 MM+ 177 mm + 50 mm =1192 mm

Include in the length the dimension the newel will project down into the floor framing (235 mm
for 2x10 floor joist, for example):

1192 mm + 235 mm = 1427 mm

The length of the filets is based on the hypotenuse of the space between the balusters. Estimate
using maximum spacing at 100 mm:

Filet length 308 mm
100 mm 235 mm

Filet length =131.4 mm

This is the short point to long point dimension. Estimate each at 135 mm.

z Now complete Self-Test 3 and check your answers.
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Self-Test 3

1. Draw a cross section of the lower flight of a cathedral entrance. Show the headroom
requirement and how the stairwell rough opening is calculated.

2. Draw a plan view of an L-shaped stairway with the landing set at five risers from the upper
floor. Make the stair calculations based on a difference in elevation from finished floor to
finished floor of 2950 mm and a desired rise of 180 mm. The rise and the run must be equal
for both the upper flight and the lower flight. The run of the upper flight is 1232 mm and
the landing is 900 x 900 mm. Allow for a floor thickness of 290 mm and a headroom of

1950 mm.
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Use the dimensions given in question 2 to answer questions 3-7.

3. Whatis the rise?

4. What is the run in the upper flight?

5. What is the stringer length for the upper flight?

6. What is the stringer length for the lower flight?

7. What s the rough opening for the lower flight? (Not including the landing width.)
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8. Aflight of stairs has balusters landing on a buttress cap with the following dimensions:
« The distance between the newel posts is 2755 mm.

«  The balusters are 22 mm at their narrowest point and 64 mm at the bottom.

Calculate the following:

a. The true on-centre spacing.

b. The number of balusters required.

c. The size of the spacer block to be used at the bottom.

9. Aflight of stairs has balusters landing on the treads with the following dimensions:
« Therunis 265 mm.

«  The balusters are 24 mm at their narrowest point and 50 mm at the bottom.

Calculate the following:

a. The number of balusters required on each tread.

b. The space between the balusters at the narrowest point.

c. The size of the spacer block required at the bottom.
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10. What should you do when unsure of a construction detail while estimating stair parts?

11. List four details to consider when estimating stair parts.
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LEARNING TASK 4
Build Stairs and Balustrade

In many buildings stairs are a major architectural feature. The finish woodwork used to assemble
the treads and risers, as well as the balustrade, requires careful planning and execution.

The construction of the finished stairway relies on proper structural framing, especially the
stairwell opening and landings. The stairway itself includes two basic steps:

1. construction of the stringers, treads and risers

2. installation of the balustrade

Framing the Stairwell Opening

The construction of the stairwell opening begins with the blueprints, which should include the
dimensions of the stairwell opening. These are often missing or inaccurate, so it's important to
use the calculations covered in an earlier learning task to determine or confirm the dimensions
used for planning the stairwell opening.

Support for the floor joists needs to be carried down to proper bearing. This often requires
footings to pick up the point loads created by beams or bearing walls, especially when the floor
joists are running perpendicular to the stairs.

In L-shaped stairs with the joists running parallel to the lower flight, the stairwell opening will
be “headered off” with joists hanging off double headers (Figure 1). The support for the inside
corner needs to be carried down to bearing. The doubled joists carrying the headers could also
be bearing walls, depending on the floor plan of the building.

L]

_/

Bearing wall

UP | =

X  Pointload

Figure 1—L-shaped stairs with joists running parallel to the lower flight
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In L-shaped stairs with the joists running perpendicular to the lower flight, a beam or bearing
wall frames one or both sides of the opening (Figure 2).

||lem buueag

uP «/

X  Pointload

Figure 2 —L-shaped stairs with joists running perpendicular to the lower flight

In the case of a bearing wall, a strip footing is required below the wall, as the joists that rest on
that wall carry the load from the upper floor.

In the case of a beam, the columns supporting the beam at either end require pad footings and
blocking in the bottom floor as the joists that rest on or hang from the beam carry the load from
the upper floor.

Landing Construction

The Building Code is not specific about the construction of stair landings. They're essentially
small floors and therefore should be built to meet the floor framing specifications, complete
with point loads or bearing wall loads carried down to the foundation. It's common for landing
joists to be fastened to ledgers that are attached to load- bearing walls. As mentioned in the
previous Learning Task, the location (height) of the landing is best placed such that both flights
of stairs have the same rise and run.

In floor or landing construction, consideration must be given to supporting the stringers
where they land at the bottom. Solid blocking or extra joists under the stringers will reduce the
possibility of movement due to the dynamic loads on the stairs.

Fastening the bottom of the stringers to the floor is done by notching the stringer for a 2x4
kicker thath is fastened to the floor or landing (Figure 3). If the stringer is finished and can't be
notched, the kicker can be fitted between the stringers.
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— Kicker

Figure 3 — Stringer notched for 2x4 kicker

Using glue and screws to fasten the floor sheathing on the landing is always a good practice.
The main stairway receives the most traffic of any part of a building.

When the stringer sits on a landing, the landing must be built large enough to carry the bottom
of the stringer. The dimension at the seat cut of the stringer can be calculated as follows:

Assume a typical 7" rise and 10" run stair, built with a 2x10 stringer and 1" treads. (We want to
determine the length of dimension “x”in Figure 4.)

Plumb line
1
» P %
Q
2 ¥
1" tread ‘/\
10"
4 ,
6" 2x10 stringer

Fx—j

Landing

Figure 4 —Landing built to carry stringer

First, find the length of the plumb line for the stringer. We can determine this with the
following equivalency:

plumb line unit of bridge

stringer depth - run

The “unit of bridge” for the stair is 12.207". (Remember that the “unit of bridge”is the hypotenuse
of the rise and run.

72 +102=12.2072)

The depth of a 2x10 stringer is 9.25".
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plumb line  12.207"

9.25" 10"
plumb line=11.291"

Next, determine the height of the bottom riser. In this example, it's 6" because this height, plus
the tread height of 1", gives the desired rise of 7". Subtract this value from the plumb line:

11.291" - 6"=5.291"

The ratio of the seat cut to this value is the same asthe ratio of the run to the rise of the stair:

X _10"
5.291" 7"
x =7.559"
X=7%6"

The landing must be enlarged by 7%s" to carry the stringer.

An alternative to calculating the length of the seat cut of the stringer is to make a full scale
layout and take the measurement straight from the drawing.

Attaching the Stringer to the Wall

When building carpeted stairs against a wall before wall board is installed, it's common to leave
%" between the stringer and the studs (assuming 2" wall board). This is achieved by attaching

a strip of %" plywood to the side of the stringer at the bottom edge. The stringer is then glued
and screwed or nailed to the studs. This allows the drywall installers to slip the wall board in
between the stringer and the studs and eliminates the need to fit the drywall to the contours of
the stairs.

When building stain-grade stairs, with treads and risers fitted to the wall, it's difficult to install
the stairs before interior finishes are installed.

In either case, this is a common area for squeaks. The stringers must be solidly fastened to
other surfaces.

Finished Floors
It is extremely important that the thickness of the finish flooring and underlay be determined
prior to building the landings and cutting the stringers.

M If the finish floor thickness is changed after the stairs are framed, the dimension of the
first or last unit of rise will not be the same as the others. This is dangerous. The building
inspector may require that the stairs be rebuilt before issuing an occupancy permit.

54 BC CARPENTER APPRENTICESHIP PROGRAM —LEVEL 2



COMPETENCY H-5: BUILD STAIR SYSTEMS LEARNING TASK 4

Tile floor finishes are popular for entranceways. They're typically ceramic tiles, although natural
stone, such as slate, is not uncommon. These tiles can vary between 4" and 1" in thickness. The
support for floor tile must be very solid. When installing ceramic tile over wood framing, match
the thickness of other flooring by adding an additional layer of plywood underlay over the
subfloor. Glue the subfloor to the joists and the underlay to the subfloor. Screw the two layers of
plywood together with screws spaced at a maximum of 6" o.c. Once again, extra blocking or an
extra joist will make a stiffer, more solid floor at the landing or bottom floor.

Carpet and carpet underlay vary in thickness depending on style and quality. In residential
construction, these thicknesses can vary from 'z to 3". In commercial construction, where carpet
is glued down to concrete, thickness is typically about 2"

Wooden strip floors are common and are typically 34" thick. There are a large number of
prefinished laminated strip floor systems that vary in thickness from % to 3". Some float on
a foam underlay, others are nailed down in the same manner as traditional finished-in-place
strip flooring.

Vinyl composite tile (VC tile), or sheet linoleum flooring, is common in commercial construction.
These products are typically %" thick.

Stair Construction

Stringers
Attachment of the stringers at the top of the stairs must be considered before any cutting of the
stringer begins because the attachment technique may affect the layout.

For example, the commonly used stringer support board, or hanger board, is 3" plywood to
match the risers for the rest of the stairs. The nosing at the top projects over the hanger board
the same amount as the rest of the treads project over the risers. Since the thickness of the riser
is added to each step, the run on the top tread must be adjusted by subtracting the thickness of
the riser from the back of the stringer (Figure 5).

Stringer support |
board \

——

< Run \

Figure 5— Subtracting the thickness of the riser from the back of the stringer

Run - thickness of riser
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The position of the top of the stringer relative to the upper floor is important. Often, the finished
floor is not yet installed. A simple technique is to hold a tape measure the thickness of the
finished floor above the subfloor and measure down one rise plus the tread thickness. Level

a line across and set the stringers to the line. The dimension of the hanger board will be this
dimension plus the plumb cut at the top of the stringer.

The stringers need to be level from side to side so that the treads are level. Set one stringer
in place and level the other to it. Corrections may be required if the bottom floor surface is
not level; stringers may need to be shimmed or scribed to match the floor and level to other
stringers. It's important to consider this before cutting the stringers. If the correction is more
than %" or so, you may need to leave material on the bottom of the stringer.

Treads and Riser Assembly

Stairs with more than four or five treads are usually too large to build on a bench or floor, so it's
common to install the stringers and build the stairs in place. In most cases, start at the bottom
and work toward the top. Install the first riser, then the first tread, second riser, second tread
and so on. There are many methods used to attach treads to the risers. The choice of method
depends on the desired strength of the stair, availability of shop equipment, the material being
used and the finish.

Strength comes from tight-fitting joinery and gluing all mating surfaces. A dado in the
underside of the tread to hold a tight-fitting riser ensures consistent alignment of parts and
makes for a strong and rigid stair (Figure 6). Glue blocks at the join between the backside of
the riser and underside of the tread are important when the riser is not dadoed into the tread
(Figure 7).

Dadoed tread
to riser
H l_l
\ Dadoed ‘ F\
riser to tread Glue block
Figure 6 — Riser dadoed into tread Figure 7— Glue block used for non-dadoed treads

Where the bottom of the riser meets the back of the tread, it's common to glue the entire
surface and fasten through the riser into the tread. There’s a lot of downward force on the tread
in this area. Attach the fastener in the bottom half of the tread and pre-drill to prevent the tread
material from splitting.
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Mitred Stringers

Mitred stringers are one of the most technical of finish carpentry techniques. They involve
careful layout combined with accurate cutting and fitting. Used in finished stairs, this type of
construction hides the end grain of the riser board and tread’s nosing. They’re commonly used
in combination with a semi-housed stringer on one side and the mitred stringer on the other
side (Figure 8).

Nosing
Riser / .
T } }

Stringer / Mitre noﬁ

return

Tread nosing return

Stringer

Figure 8 — Mitred stringer

The use of a horizontal storey pole aids in accurate layout. Because there are several pieces
that must align accurately (stringers, treads, nosing returns, newels, baluster, handrail),
laying this out carefully at the beginning of the process results in accurate assembly and
speeds construction.

The layout of newels and balusters must be considered at this time. Careful location of these
elements will simplify construction by eliminating complex notching and uneven baluster
layout. For example, the newels can be laid out such that the spacing of the balusters on the
treads is equal.

The stringer is laid out in the normal way, typically on the finished side of the stringer. The layout
lines are the long points of the mitre. A circular saw is set at 45°. The use of a saw guide clamped
to the stringer assists in this tricky cut. The cut can only be made up to the tread line and is
finished by hand. Use of a compound mitre saw makes a more precise cut.
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Another way to lay out the mitred stringer is with the use of a marking jig or preacher block: a
slotted board the same thickness as the risers. Lay out and cut the plumb cut (scribed to the wall
or landing at the top) and bottom cut (level, scribed to the floor) of the mitred stringer. Set the
stringer against the notched stringer and with the marking jig tight against the riser cut, transfer
the layout to the outside (finished side) of the mitred stringer. Similarly, use the jig to transfer
the tread cut to the outside of the stringer.

Hiding or minimizing the use of fasteners is preferred for varnish-grade woodwork. The use
of masking tape to “clamp” the mitres is common. The use of 23 gauge headless nails or

18 gauge brad nails placed high enough on the riser or low enough to be hidden by the
tread can be effective.

Balustrade Installation

Balustrade installation begins with the newels. The newels carry the balustrade and are subject
to loads in all directions. 9.8.7.7 of the BC Building Code requires that a balustrade must be able
to withstand a load of 0.9 kN (about 200 pounds of force) in any direction. It's vital that these
posts extend into the floor framing and be secured to solid blocking attached to the floor joists
(Figure 9).

Figure 9— Newel post attachment

Use bolts and flooring adhesive to attach the newel post to the joists and blocking.

The newel posts must be installed plumb in both directions. The height of the handrail will set
the height of the newel posts. 9.8.7.4 of the Code requires the handrail to be between 865 mm
and 965 mm above the nosing line.

Simple square newel posts can be installed extra long and cut off after the handrails are
installed. Many newel posts are turned or shaped. The height of these newels must be very
accurately set to ensure that the turnings line up.
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Rails

It's difficult to avoid drilling through the upper newel when installing the rails. The bottom of
the rail can be fastened by drilling and screwing from underneath. The holes can be hidden with
filets or plugs. Avoid fastening through the top of the rail at the upper newel, as it’s difficult to
hide fasteners with plugs. The best technique, making an almost invisible connection, is to use a
stair bolt with a screw thread on one end and a bolt thread on the other.

Figure 10 — Attaching handrail with lag screw (bolt) from back side of newel

Another technique is to drill through and use a small lag screw from the back side of the newel
(Figure 10). Careful plugging of the hole in a low-visibility area is a third alternative.

The handrail and shoe rail are set parallel to the nosing line. Ensure that the newels are anchored
plumb in both directions before proceeding (to prevent them from being pushed or pulled out
of plumb). Leave the rail long, make a plumb cut at one end, hold it beside its final position,
laying it on top of the nosings and against the bottom newel, and mark it to length.

The rails often have a groove in their surface to accept the square end of the balusters. The
space between the balusters is filled with a small moulding called a filet.

If there is no shoe rail or buttress cap, the balusters are fitted into the surface of the wooden
tread. This joint is usually a shoulder joint. The shoulder of the joint hides any gap in the fit. If the
design allows, the nosing return will cover the joint of the baluster to the tread.

Balusters

The spacing of the balusters is important. The Building Code requires a maximum space of

99 mm between the balusters (this prevents small children from getting their heads stuck in
the railing). Since balusters often have complex shapes, it can be difficult to determine the true
spacing between them. A practical solution is to make sure that a 100-mm diameter ball does
not fit through any portion of the balustrade.
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The spacing of the balusters ideally should be equal, including the space between the last
baluster and the newel post.

The use of filets to space the balusters in dadoed rails is common. Glue and brad nails hidden by
the filets are the most common attachment method. When attaching balusters without a dado,
the use of screws and plugs to fasten the balusters to the underside to the handrail creates a
strong, well-hidden joint. Toenailing with brad nails is faster but much weaker.

There are several ways to fasten balusters to the treads. Baluster fasteners are both accurate and
relatively simple to drill and install (Figure 11).

Figure 11 — Using baluster fastener to attach baluster

With the handrail installed, each baluster is placed individually starting at the bottom and
fastening to the handrail through the long point of the baluster (Figure 12).

Second filet

First filet

First baluster

Figure 12— Nailing a baluster to the handrail
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Another method involves the use of rail bolts (Figure 13). This type of bolt is threaded on both
ends. The bolt is screwed into the centre of the bottom of the baluster and screwed into the
tread. Ensuring that the baluster is square to the handrail with the long point on the correct side
may require adjusting the depth of the screw.

Figure 13 —Baluster fastener and rail bolt

The handrail is installed after all the balusters are in place. This is a good time to have an extra
set of hands, especially when there are many balusters involved.

Altering Stairs

Installing a new stair in an existing floor or changing the location of existing stairs can be a
difficult and expensive process. The requirement to add or alter is based on design and floor
plan considerations made by designers and builders. There can be many design benefits to the
change such as better traffic flow, more comfortable stairs, etc. The role of the carpenter is to
manage the structural changes required.

The load path to the foundation is the most important structural concern. Any change in
framing requires good planning and proper permits. Construction drawings showing foundation
conditions and existing and new framing should indicate the load paths.

As with any renovation, support of the structure and protection of existing surfaces are the
primary concerns. When laying out the new stairwell opening, small holes in the floors and walls
are often required to investigate and plumb bob locations from floor to floor.

Careful removal of framing, flooring and trim material will ensure a supply for patching or
matching the existing surfaces. It’s often difficult to get matching material in older homes. Old
framing lumber is of different dimensions and mouldings may no longer be available. If the
existing stairs are to be reused, keeping them intact may be cumbersome, but it is ultimately
easier than deconstructing and reassembling old and brittle woodwork.

It's best to remove as much material as possible at the demolition stage of the job. Get the
dusty, noisy work done all at once rather than a little bit at a time over a long period, especially
when the owners are living in the building.

Once the demolition is complete, reframing creates a new stairwell opening with new supports.
The construction of the new staircase itself is much the same as for new stairs.
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Protection
Many of the parts of a finished stairway must be installed before the interior finishing of the
building is completed. Use cardboard and plastic sheeting to cover exposed surfaces.

Apply the stain and the first coat of finish to the wood surfaces as soon as possible. This will help
protect the wood should spills or physical damage occur.

Safety

Never leave partially completed stairways unguarded. Loose treads or other stair parts can
present a significant slipping and falling hazard. Attach cardboard protection sheets securely to
the treads.

z Now complete Self-Test 4 and check your answers.
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Self-Test 4

1. What is a common method to attach the stairs at the bottom?

2. Given a flight of stairs with a rise of 7'4", a run of 10", and 1" treads, how much larger must
the landing be built to fully support the bottom of a 2x10 stringer?

3. How do you space the stringer off the wall when building carpeted stairs?

4. What ensures good support at the bottom of a stair?
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5. Why is it important to know the thickness of the finished floor material?

6. What is a horizontal storey pole?

7. How are balusters attached to stair treads?

8. Whatis afilet?

9. What is the primary responsibility of the carpenter when altering the stairwell opening?
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Answer Key

Self-Test 1

1.

a. The exposed end of the tread is shaped in the same way as the front nosing, with
moulding placed under the tread.

b. Fillets are shaped to fit between the balusters under the handrail and on top of the
buttress cap.

c. Can be used under the balusters. They're also known as shoe rails or base rails. They're
shaped to take the end of the baluster and are used in railings at the landings or on top
of the stringers.

d. Used at the turn of a stair

e. The horizontal distance from the edge of the nosing at the upper landing to the edge of
the finish at the other end of the stairwell opening.

2. Long L stairs have only two or three treads at the top or bottom at right angles to the
main stairs.

3. atintervals of 3.7 meters vertical—refer to the Building Code

4. Open stairs have one or both sides open to a room or hallway and closed stairs have both
sides of the stairway closed.

5. 8 mm

6. 900 mm

Self-Test 2

1. Service stairs are used to access only service rooms or spaces (e.g., stairs to an attic or
mechanical room).

2. 200 mm

3. 355mm

4. 1950 mm

5. 25mm

6. Stairs with fewer risers are often not noticed by members of the public and result in falls.

7. 90 mm

8. Landings are used either to change the direction of the stairs or to break the total rise to
create shorter flights of stairs.

9. 300 mm top and bottom
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Self-Test 3
3. rise=184 mm
4. run=308 mm
5. Method 1:359 mm X 4 = 1436 mm
Method 2: 4 treads =4'=1219 mm
It's wise to allow an extra foot (305 mm) for splits.
6. Method 1:359 mm x 10 = 3590 mm
Method 2: 10 treads = 10' = 3048 mm
Order extra for splits
. 308
7. rough opening = mx (19504290 —920) +75 mm
= 2210 + 75
= 2285 mm
8. a. 120.74mm
b. 22 balusters
c. 8274 mm
9. a. 3 balusters per tread
b. 64.33 mm
Cc. 38.33mm
10. Make a full-scale sketch.
11. - tread to riser connection
« type of stringer design (Housed? Mitred?)
« finish (Carpet? Stain grade?)
« baluster design (Handrail and bottom rail? Balusters landing on treads?)
« depth of newel projection into floor framing
« baluster to rail connection (Dado with filets? Or nailed or screwed and plugged?)
Self-Test 4

1.

kicker notched into or between the stringers
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COMPETENCY H-5: BUILD STAIR SYSTEMS ANSWER KEY

2. Unit of bridge =+/7.25° +10°

=12.352"
__ plumb line n 12.352"
9.25" 10"

plumb line = 11.425"
11.425"—-6.25"=5.175"

x 10"
5.175" 7.25
x=7.138"
1"
X=7—
8

1
The landing must be built larger by 7§ .

3. Fasten a strip of plywood a bit thicker than the wall finish to the bottom edge of the stringer.
4. blocking or extra joists

5. Floor material dimensions are required in order to know the total rise, which is the
dimension from finished floor from finished floor. The thickness of the finished floor material
is required for correct layout at the bottom of the stringer.

6. alayout tool with stringers, treads and balustrade dimensions marked
7. shoulder joints with dowels or stair bolts

8. finished piece that fits into the dado on the underside of handrails or the top of bottom rails
or buttress caps, securing the baluster, hiding the fasteners

9. The primary responsibility of the carpenter is to support the structure and protect the
existing surfaces.
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